An audit was undertaken of the first 36 children who had received cochlear implants in Nottingham. These children had previously derived no benefit from prolonged trials of powerful hearing aids. Following implantation, all children could hear warble tones at all audiometric frequencies from 500 to 4000 Hz at sound pressure levels between 30 and 50 dB. The majority of children implanted below the age of 5 years developed intelligible spoken language after 3 years. The outcomes for children born deaf and those who acquired deafness under the age of 3 years were substantially similar. The best results were obtained in those children who were implanted before the age of 5 years or in whom the deafness was of short duration. The needs of implanted children continue over many years. A small number of dedicated, well-funded multidisciplinary teams are needed to meet the growing demand nationally.
INTRODUCTION
Most hearing impaired children can be rehabilitated adequately by means of hearing aids. However, about 220 children are born each year in the UK with hearing impairments of such severity that even the most powerful hearing aids offer no material speech perception ability'. A further 80 children acquire similar levels of hearing loss each year, usually as a result of bacterial meningitis. For all these children, cochlear implants offer the only possibility of understanding and developing spoken language. Cochlear implants are able to restore a sensation of hearing because they by-pass the sensory end-organ and stimulate the auditory nerve directly. Initial experience with cochlear implants was gained in adults who had lost their hearing, and subsequently children with similar acquired losses were considered suitable. More recently, congenitally deaf children have been the recipients of cochlear implants/ and their progress continues to offer considerable hope for the future.
Experimental evidence supports the concept of critical periods for speech and language development.'.". These critical periods, which occur early in life, represent periods when the nervous system is most receptive to sensory stimulation. Absence of auditory stimulation during these periods may result in permanent failure to incorporate hearing in the central nervous system. Electrical stimulation of deafened animal models has shown a positive neurotrophic effect in the cochlea as well as expansion of the Nottingham Paediatric Cochlear Implant Programme, Queen's Medical Centre NHS Trust, University Hospital, Nottingham, NG7 2UH, England representation of the auditory system in the braini, The critical periods for speech and language development occur generally before the age of 5 years but there is considerable individual variation.
CANDIDACY
Only those children who show no benefit from prolonged hearing aid use over several months are considered for cochlear implantation. This typically corresponds to behavioural threshold levels in excess of 60 dB bilaterally with hearing aids in use. It is important that any conductive hearing loss, such as middle ear effusion, is corrected prior to testing. Electrophysiological testing confirms the level of the hearing loss and will ensure that non-organic losses are detected. Computed tomography or magnetic resonance imaging can demonstrate the detailed anatomy of the cochlea. Children with additional disabilities need very comprehensive assessment of their overall needs before implantation.
For school-going children, the support of classroom teachers is a vitally important ingredient towards ultimate successful implant use. A school that encourages the use of hearing in everyday communication greatly enhances the likelihood of success in the long term. Many teachers of the deaf are daunted by the prospect of managing a child with a cochlear implant and a period of training and continued support from the implant team is essential. For parents and siblings, cochlear implantation presents a major challenge and thorough counselling is essential. Ensuring that parents have realistic expectations from the intervention is of the utmost importance and may take several consultations.
346P
While hearing restoration follows quickly after implantation, the acquisition of intelligible speech is vexingly slow and periods of parental disillusionment are commonplace. The support of families in the years following implantation is thus a necessity to ensure children are given sufficient encouragement in the use of their implant systems.
RESULTS
The Nottingham Paediatric Cochlear Implant Programme was established in 1989 and by the end of 1995 will have implanted over 100 children. The programme was initially funded by a charity, The Ear Foundation, and in 1990 partial funding from the Department of Health as part of a three year evaluation programme was obtained. The first 36 children who had a minimum follow-up of six months were the subject of a formal review. Their ages at the time of implantation ranged from 2 to 11 years (mean age 4.5 years); seven were congenitally deaf and the remainder had acquired deafness principally as a consequence of bacterial meningitis (26/29). The duration of hearing loss at the time of implantation ranged from less than 1 year to 11 years (mean 3.4 years). The age at onset of deafness ranged from birth in seven children to 6 years in one child; most children acquired their deafness in the third year of life.
Of paramount importance was the safety of this procedure in young children. Complications attributable to the procedure were few. There were no wound infections, haem atomas or facial paralyses and the mean duration of hospital stay was three days. One child, who had a totally obliterated cochlea, developed pain on electrical stimulation and the device was removed. Another child developed cholesteatoma in the implanted ear; the cholesteatoma was removed without alteration in implant function. In one child, the internal device failed and was replaced by a new device without any decrement in performance.
The most immediate benefit from implantation is the child's ability to perceive sound. From failing to benefit from hearing aids over months or years, the dramatic improvement in sound perception following activation of the system is most gratifying. Prior to implantation, few children could respond to warble tones at sound pressure levels of 80 dB in the speech frequencies, even when wearing hearing aids. Following implantation, most children responded to warble tones at sound pressure levels between 30 and 50 dB and their ability to localize and detect everyday sounds became readily apparent.
The impact of improved sound perception on the communication abilities needs to be measured over several years following implantation. This applies in particular to congenitally deaf children who have no spoken language base and whose entire communication system is by signing. The development of suitable test protocols for children with rudimentary linguistic abilities has proved a major hurdle but video analysis techniques have been an important advance". Changes in the quantity and quality of vocalizations begin in earnest about a year following implantation. Objective measures of the intelligibility of speech demonstrate continued progress in this domain over time. Of children implanted under the age of 5 years, about 60% were using speech effectively in everyday communication at the 2-year stage; at 3 years following implantation this figure had reached 91%.
In order to assess the impact of cochlear implantation on family life, parents were interviewed before and after implantation. In the first year following implantation, parents were particularly impressed by the improvement in their child's communication skills and their ability to respond to environmental sounds. Similarly, most parents reported a significant improvement in the overall behaviour of their child in the year follOWing implantation. Of the 30 parents interviewed, 27 reported that their children were wearing their devices all of their waking hours and the remaining three children wore their device throughout most of the day.
DISCUSSION
Of the many determinants of outcome following cochlear implantation in young children, two factors rank above all others: age at implantation and the duration of hearing loss. For congenitally deaf children, it is clear that the best results are obtained when implantation is undertaken before the age of five. There is little difference in the ultimate outcome between those children who are born deaf and those who lose their hearing before the age of 3 years. For those children with acquired losses, especially those with established spoken language, the earlier implantation is done following the onset of deafness the better the result. While young children do best, this is not to say that no meaningful benefit can be obtained from the implantation of older children. Congenitally deaf teenagers are an exceptionally difficult group to manage successfully for a number of reasons: many have established sign-based communication, few develop understanding of speech without lip-reading, and pressure from deaf peers often results in non-use.
Cochlear implantation is an expensive intervention, costing around £50000 in total over a 10 year period. Those who undertake this work need the resources to maintain the implanted child over many years following implantation. It seems inevitable that such specialized care will be best carried out in large programmes with dedicated multi-disciplinary teams where quality of care can be better assured and where unit costs are lower. Commitment by these teams to continuing care and audit is also essential to enable long term outcomes to be determined. Such outcome measures are needed to justify the very substantial resources that go into these programmes.
